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ABSTRACT

Acroporid coraswereimportant components of shallow forereef and lagoonal habitatsin coral
reefsof thetropica western Atlantic and the Caribbean. An epizootic event of white-band disease (WBD)
intheearly 80's, produced extensive mass mortdity of both speciesthroughout their distributionrangeinthe
wider Caribbean. Asaresult, therewere significant changesin community structure, lossof habitat and
biodiversity. Inthelate 70’s, extensivethicketsof elkhorn coral Acropora palmata were presentin 40 %
of 35 reef localities surveyed around theidland of Puerto Rico. Another 20 % of thesereefshad dense
patches and abundant colonies of staghorn coral A. cervicornis. Thehybrid A. proliferawaspresentin
many localitiesbut it rarely formed densethickets. Surveysof morethan 100 coastal and offshorelocalities
around theidand during thelast 20 yearsindicateasignificant declinein populations of both speciesin most
localitiesand recovery in others. Most of the high profile, densethicketsthat formed the Acropora zones
have disappeared, and only afew reefslocdities, mostly in the southwest coast, have hedlthy, high density
populationsof A. palmata, A. cervicornisand A. prolifera. Theprimary causeof this significant decline
indistribution and density of popul ationswasthe widespread white band disease (WBD) epizootic event of
theearly 80's. Infollowing yearshowever, surviving popul ationsand col onieswherehit by hurricanes,
storms, bleaching, more disease, and anincreasing deterioration of theenvironmental conditionsaround
coadtal coral reefsdueto anthropogenic activities. Other, long-term natural factors, such assnail and
fireworm predation, and damsdlfish territorial behavior, have caused increasing tissue mortaity and the
pre-emptive competition of coralsby filamentousalgae. Inrecent years, patchy necrosisand substrate
monopolization by an aggressive, endolytic sponge, Clionalangae, have becomeimportant factorsinthe
lossof livetissuein A. palmata along the southwest and west coasts, and the offshoreidands.
Deterioration of local environmenta conditions (high sedimentation and turbidity), theoccas ona hurricane,
persistent disease, and predation by snail sand fireworms cause significant mortality in A. cervicornisand
A. prolifera. Today however, signsof recovery can be observedinfew localitiesfor A. palmataand
A. cervicornismostly. Few extensivefields, abundant thickets, high densitiesof small colonies, and most
importantly, many sexua ly produced recruits can be observed in many localities of the southwest coast and
offshoreidands. New protectivelegidation by the Department of Natural Resourcesin combinationwith
the presence of healthy populations, the high growth rates of these species, and new sexual recruitment may
provide achancefor somerecovery inmany localities.

ollmer and Palumbi (2002) present datathat demonstratethat A. proliferaisamorphologically variable, first
generation hybrid of A. palmata and A. cervicornis.
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1. Historical per spective

Acroporid corals (A. palmata and A. cervicornis, and to alesser degree, A. prolifera) wereimportant
componentsof shallow forereef andlagoonal habitatsin cora reefsof thetropical western Atlantic until the
late 70'sand early 80’s. These speciesformed the famous Acropora zones, dense stands of high profile,
gpatialy complex, monospecific thicketsin shalow and intermediate depthsin most Caribbean coral reefs
(Vaugham, 1919; Goreau, 1959; Lewis, JB, 1960, 1965; Scatterday, JW, 1974; Ross, PJ, 1964, 1971,
Glynn, 1973; Colin, 1978). Inthelate 70'sand early 80's, awhite-band disease (WBD) epizootic event
caused extensive mass mortality of these speciesthroughout their rangewith lossesup to 95% (Gladfelter,
1982). Thedemise of Acropora spp. hasresulted in significant changesin community structure, lossof
habitat and biodiversity (Aronson and Precht, 2001). In many localities, acroporidshave disappeared asa
consequence of regional disease outbreaks, compounded locally by hurricanes, bleaching events, anda
overall deterioration of local environmenta conditions.

In Puerto Rico, Acroporid coral populations have declined significantly over thelast two decadesin almost
all reef localitieswherethey wereformerly abundant. Denseand well devel oped thicketsof both

A. palmata and A. cervicorniswere present on many reefs, patch reefsand shelf edgelocalities off the
north-east, east, south, west and north west coast, and a so the offshoreidands of Mona, Viequesand
Culebra(Fig. 1) (Almy and Carrion-Torres, 1963; McKenzieand Benton, 1972; Rogers, 1977; Goenaga
and Cintron, 1979; Boulon, 1980). Goenagaand Cintron (1979) conducted island-wide surveysof 35
localities in 1978-79 (Fig. 1) and found 88% of all locations col onized by A. palmata and 52% by

A. cervicorniscolonies. Many reefs(40%) had high profilethicketswith high colony densities, while 20-
28% of thelocationsonly had isolated colonies(Table 1).

Table1l. Abundance of acroporidsin 35 coastal locations of Puerto Rico in 1978-79.
Adapted from Goenaga and Cintrén (1979).

Condition A.palmata A.cervicornis
High profile thickets/dense patches 40% 20%
High colony density and few patches 20% 6%
Isolated colonies 20% 28%
Absence of Acropora spp. 12% 48%
Live cover 5-100%

Somereefshowever, wereaready showing signsof anthropogeni cimpactssuch ashigh siltationand
turbidity (Goenagaand Cintron, 1979). Today, evidence of these speciesremainsin many locationswhere
standing dead skeletons of A. palmata and rubble pilesof A. cervicorniscan be seen. With the exception
of few reefsin the southwest and i sol ated offshorel ocations, the dense, high profile, monospecific thickets
of both specieshave disappeared from Puerto Rico cora reefs (unpublished data).

Althoughfew long term dataare avail able, the primary cause of the significant declinein population dendities
and distributionisthought to be anidand wide outbreak of white-band diseaseintheearly 1980's. In
addition to disease, surviving colonieswere hit by hurricanesand tropical storms, other typesof disease, a
concentration of predators, bleaching, and anincreasing deterioration of the environment around coastal
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coral reefsdueto anthropogenic activities (Table2). For example, large stands of A. palmata on east
coast reefsnear Fajardo were decimated by WBD inthemid 1980's, and subsequently, hurricane Hugo
(1989), caused dmost total destructionto theremaining A .pal mata thickets (Goenagaand Boulon, 1992).
Hurricane David (1979) had devastating effectsto A. pal mata thickets on forereef habitatsthroughout the
south and west coast, with ahigh proportion of coloniesbeing dislodged from the reef substrate and
deposited onto thereef flat followed by highmortality (Vicente, 1993).

\ PUERTO RICO

Figurel. Map of Puerto Rico showing major coral reef ar eassurveyed (lines) by Goenaga and Cintron (1979).

Then WBD hitintheearly 80'sand up to 30% of the col onieswere reported to be affected in many reefs
(Daviset a., 1986). During the 1990’ sanumber of other coral reef areas(i.e., |9 ote PAlominitos, Los
CorchosReef, Cayo Dakity, PlayaL arga, Culebra) showed severe physical destruction of the A. palmata
framework and A. cervicornisthicketsasaresult of severa hurricanes[Louis(1995), Marilyn (1995), and
George's(1998)] (Goenaga, 1990; Hernandez-Delgado, 2000). Inthe ninetiesWBD continuesto affect
Acropora popul ationsthroughout Puerto Rico, but disease prevalenceisgeneraly low (Bruckner etdl.,
1997; Bruckner and Bruckner, 1997, 2001; Williamset al., 1999; Well et a ., 2000; Weil, 2002). For
instance, in one of the outer reefsstudied by Davies (1986), remaining Acroporid populationswere
reported to have WBD on 8.5% of theliving coloniesby 1993 (Williamset a., 1999). Inthe absence of
compounding impactsfrom disease and other factors, likethose observed inthe 1960'sand 1970's,
Acropora populationsin Puerto Rico generally recovered from hurricane damage. Coral fragments
produced by hurricane Edithinthe early 1960’ swere observed to resttach and recover inmany localitiesin
the southwest (Glynn et al., 1964).
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Other natura factors, such asdamselfish (Pomacentridae) territorial behavior, arecausingincreasngtissue
mortdity and the pre-emptive competition of cora sby filamentous algae (Herndndez-Del gado, unpublished
data). In addition, coral bleaching was documented in Acropora spp. in 1987, 1989, 1990, 1995 and
1998 (Williamset al., 1987; Goenagaet al., 1989; Goenagaand Canals, 1990; Winter et a ., 1999; Well,
2000), but associated mortality wasnot reported. Localized anthropogenicimpacts(i.e., historic cora
collection for souvenirs, reef trampling, snorkeling, SCUBA diving, anchoring, somefishing methods) have
al so caused some destruction of coralsaround Fajardo (M ckenzieand Benton, 1972; Torres, 1975;
Hernandez-Delgado, 1992). Ship groundingshave caused significant mechanica destruction of Acropora
assemblagesin Los Corchaos, Culebritaldand, [dote PAlominitos, off Fgjardo (Hernandez-Delgado, 2000),
Guanicaand Monaidand (Bruckner and Bruckner, 2001). Military activitieshave caused somedamage
alsoin Culebraand Viéques (Antoniousand Weiner, 1982; Hernandez-Delgado, pers. obs.).

With few exceptions, most of theseimpactshave never been quantified. For example, quantitative
information on theimpact the Fortuna Reefer ship grounding in Monaidand hasbeen collected for over two
years (Bruckner and Bruckner, 2001), thefates of storm generated fragmentsfollowing Tropica storm
Debbieand Hurricane Hortensein LaParguerawere eval uated (Bruckner, unpublished data), and an
ongoing project iseva uating theimpact of Hurricane George'son A. pal mata populations off LaParguera
and Guanica(Ortiz, unpublished data). Theimpact of predation by the snail Coralliophilla abbreviata
was assessed by Bruckner (2000). Ongoing anthropogeni c degradation of coastal (urban devel opment)
and inland areas (deforestation) continueto affect the quality of the coastal reef environments(i.e. higher
turbidity, high nutrient input, pesticidesand herbicides, solid suspended materid, high sedimentationrates,
etc.), and may contributeto the decline of acroporidsand coral reefsin general (Goenagaand Boulon,
1992; Hernandez-Delgado, 1992, 2000; Morel ock, 2001).

2. Current status

Althoughthereisvery limited quantitative dataregarding the current ecol ogica statusof Acroporidsin
Puerto Rico, awedlth of qudlitative observationsand information on their distribution and relative
abundances have been collected over theyearsfor many cora reefsin the east, southwest and west coasts,
and some of the offshoreislands. These data are good baselineinformation and providesapicture of the
current status of Acroporid populations. Recent surveysof over 100 reefsalong the coast and islands,
indicatethat Acroporid popul ations have continued to declinein someareasfrom persi stent disease, storms,
and sedimentation coupled with the poor coastal environmental conditions (high turbidity, sub-optimal water
quality, etc.) and algal overgrowth (Appendicesland2).

Many environmentally-degraded fringing coral reefsa ong the shorelineof Puerto Rico (i.e., PuntaPicla,
PuntaMiquillo; Rio Grande, Guanica, LaParguera, Mayagliez) show large standsof dead A. palmatain
their upright, growth position, suggesting mortality resulted from factors such as disease outbresks,
bleaching, siltation, algae competition, or acombination of any of these (Table 2), and not from physical
damage associated with stormsor hurricanes. Most frequently, total colony mortality does not occur from
thesefactors, and high growth rates, capacity for tissue regeneration, asexua reproduction, and high
survivorship of sorm-generated fragments, seemto be playing animportant rolein maintaining some
populations. A recent event of patchy necrosisin southwest reefs produced moderatelevelsof partia tissue
mortality in ahigh proportion of coloniesin arelatively short period of time (November 13-18, 2002). On
average, between 35 and 74 % of all coloniesof A. palmatain six reef areaswere affected by this
syndrome (Fig. 2). Averagetissuelossvaried between 14 and 17% of the colony surfacearea (Fig. 3)
(Weil and Ruiz, unpublished data). Thisevent happened after aperiod of extreme calm weather and seas
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Table 2. Historical and current causes of tissue mortality (partial and/or total) of
acroporid corasin Puerto Rico. Question mark indicates that factor needs to be verified.

Natural factors Species Anthropogenic Factors ecies
Disease Siltation Ap, Ac
White band-1 and 11 Ap, Ac Pollution Ap, Ac
White plague ? Ap, Ac Ship and boat groundings Ap, Ac
Black band Ac Eutrophication Ap, Ac
Bleaching Ap, Ac Floating debris Ap, Ac
Patchy necrosis Ap Divers Ap, Ac
Predation Anchors Ap, Ac
Snails Ap, Ac
Fireworm Ac
Parrotfish Ap
Damselfish Ap, Ac
Storms Ap, Ac
Clionid sponges Ap
Algae competition Ap, Ac

that lasted for approximately 15 days. Tissue mortality could al so be associated with high residencetime of
fish and seaturtlefecesonthe surface of A. palmata colonies. Almost all coloniesaffected by patchy
necrosis showed rapid regeneration of thelost tissue aweek after themortality. Follow-up surveysupto
August of 2002 of thetagged coloniesthat suffered mortality in November of 2001 show total (100% new
tissue cover) recovery of tissuein 98 - 100% of theinjuriesinall tagged colonies. Injuriesthat have not
completely recovered show active growth marginsbut, alayer of turf a gae and sediment seemto dow
down the advance of the new growth (Weil & Ruiz, unpublished data).

2.a. Eastern coast

Over 90l ocditieshave been surveyed inthelast decade by various authorsa ong the northeastern and
eastern region of Puerto Rico. Hernnadez-Delgado surveyed 86 sitesand compared theinformationwith
previousreportsfrom the samesites(Table 3) (Appendix 1). Datawere geographically sub-dividedinto
four main areas: northerninshore, easterninshore, eastern offshore close (<6 km), and eastern offshore
remote (>6 km). Thisclassificationwasoriginaly based on aBray-Curtisordination anaysisfor coral

speci es presence/absence data setsto classify cora reefs (Hernandez-Delgado, 2000). A. palmatawasan
important component of coral reefsand coral communitiesin most of the sites (93%o) of four mgjor localities
surveyed prior to 1980 (Almy and Carrion-Torres, 1963; Pressick ,1970; Mckenzieand Benton, 1972;
Goenagaand Cintron, 1979; Goenagaand Vicente, 1990; Goenagaand Boulon, 1992; Hernandez-
Delgado, 1992; and unpublished data). Today, however, A. palmata has been observed only in 36.7 % of
these dites, as onemoves across an anthropogenic stressgradient of water transparency, sedimentation and
concentration of suspended solid material (Hernandez-Delgado, 2000). Thenortherninshorelocalities
showed the highest decline (68.4 %) and the offshore remote reefs (>6 km) thelowest A. palmata hasbut
disappeared from 62 % of the sitesin northern and eastern Puerto Rico whereit used to befound in high
densitiesmany yearsago. Surveysconducted in 1998in the southwest coast of Culebraand northwest
coast of Viequesidands showed scattered coloniesof A. palmatain good healthintheselocdities (Well et
al., 1998). A. palmatawasmore abundant in Viegquesand showed higher colony densitiesthanin Culebra
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Patchy necrosis in Acropora palmata
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Figure 2. Average number of coloniesof A. palmata affected by patchy necrosis insix cora reefsoff La
Pargueraand Guénica. (Weil & Ruiz, unpublished data).
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Figure 3. Averagetissuelossin A. palmata by patchy necrosisinthree cora reef areaswith dense

populationsof the cora inLaParguera(Weil & Ruiz, unpublished data).
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A .cervicornis, was documented from the northern and eastern reefsin past reports. It waspresentin
52.9% of thesitessurveyedinthe 1970's, but today, it isonly found in 24% of these sites. It has
disappeared from 43% of the eastern close offshorereefs, and from all the northern and easterninshore
sites. Itispresent in 100 % of the eastern offshoreremotereefs, but it hasdeclinein abundance. Thehybrid
A. prolifera, wasrarein all of thefour geographiclocalities. It disappeared from 100% of the northern
reefsand from 60% of the eastern offshore closereefs. It disappeared also from 27% of the eastern
offshoreremotereefs. No colonieswereever documented in easterninshorereefs. Recent surveysof two
reefsin Culebraand northwest coats of Viegquesidands, showed presence of isolated col oniesand thickets
of A.cervicornis(Weil et al., 1998) (Appendix 2). Therewere many small-sized thickets (10x 5mor
less) of A. cervicornisinthe southwestern side of Culebritaldand, but most of thesewhere destroyed by
recent hurricanes and disease outbreaks. Several isolated patchesof A. cervicornisgrowingonLos
Corchos Reef south of Culebritaldand are doing well (Herndndez-Delgado, unpublished data). A WBD
outbreak in August, 2001 caused partial to total colony mortality in 51% of the surveyed A. cervicornis
colonies(n=118) within the L uis Pefia Channel Marine Fishery Reserve, at Culebra(Herndndez-Delgado,
unpublished data). No current informationisavailablefor other localitiesin thethe east coast of Puerto
Rico or offshoreidands. Low abundance of large mature coloniesand low abundance or lack of juveniles,
sexud recruitsor reattached fragmentsisacl ear indication that recovery isnot occurring. Moreover, many
recently dead colonies, and coloniesshowing partial tissue mortality are common sightsin many of these
localities. Despitetheability of Acroporid coralsto regeneratetissuelesions(Matos-Caraballo, 1988) and
grow fast, the combination of natural and anthropogenic factors may be preventing recovery in eastern reefs.

Figure4. Map of the eastern section of Puerto Rico showing thelocation of 88 reef localitiessurveyedinthe
last 10 years. Many of theselocalitieswere surveyed in 1978-79 by Goenaga& Cintron. List of localities
can befoundin Appendix 1. From Hernandez-Delgado (2000).

{0 km
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2.b. Southwest and wester n coasts
Acropora palmata

With few exceptions, A. palmata occursat low densitiesfrom 0.5-5 m depth throughout the south and
southwest coast of Puerto Rico. Coloniescontinueto experiencepartia mortality inmany localities,
however. Thisspeciesisnow rarebelow 5m, but it can still befound in few, deep patch reefsand some
locationsonthe shelf edge. High densitiesof mediumto large coloniesarecommonin at least two exposed
reefsin LaParguera(Laurel and San Cristobal), and dense, high profilethickets pave the exposed fore reef
of Atravesado (Appendix 2) (Bruckner et al., 1997; Weil, pers. obs.). No A palmata thicketswere
observed in extensive surveysfrom LaParguerato Ponce between 1995-1997, but medium sizeand few
large coloniesarecommonin somelocations. Colonieswerewidely scattered (<1 colony every 5m), or
coralsoccurred in aggregates of lessthan 4 colonies (Bruckner and Morel ock, unpublished data).
Prevalenceof corallivoresand disease washigh (Bruckner, unpublished data). High mortdity was
associated with Hurricane Georges (1998), and over 90% of coral wasremoved from Laurel, Pinnacles,
MediaL unaand Turrumote reefsoff LaParguera(Bruckner, unpublished data, Ortiz, unpublished data).

In 1999, disease affected an average 1.3% of al coloniesof A .palmatain Turrumote, MedialL unaand
Laurel reefsoff LaParguera(Weil, 2002), an apparent declinefrom previousyears. Averagelive cover of
this specieson most reefsnear LaParguera isnow low or lessthan 1% (Williams, et al., 1999; Well,
unpublished data; Bruckner, unpublished data).

A recent problemisthemortality of A. palmata coloniesby theintrusive colonization and fast advance of a
brown, endolytic, clionid sponge(Clionalangae) (Fig5). Thissponge monopolizes much of the exposed
reef substrate that wasformerly occupied by live A .palmata, and it rapidly overgrows standing colonies
and fragments. In 1999, an average 16 % of all coloniesof A. palmatafromthreereefsin LaParguera,
were attacked by the sponge. Averagecord tissuemortality ratewas 9 cm/year, whichisfaster thanthe
cora’sgrowthrate (Weil, 1999a,b and unpublished data). Thespongeisresilientandinamost al cases, it
killsthe colony withinashort period of time.

Small elkhorn coral thicketsstill occur onthewest coast of Puerto Rico near Rincon (Steps Reef) and the
northwest coast near |sabela (Shacks Reef) in 1-2 m depth. These populationswerelargely unaffected by
disease or predation between 1994-1997 (Bruckner, pers. obs.). Unpublished datafrom August 1999
indicatethat elkhorn thicketson fringing reef near Rincon (Tres PAmasand Steps) weretill inexcellent
condition (EarthWatch report, 1999).

A. palmata hasbeen virtually eliminated from other reefsnear shorereefs of thewest coast, especialy near
Mayaguez, possibly from anthropogenic disturbances (Morel ock & Bruckner, unpublished data). Oneof
thelargest remaining healthy standsof el khorn coral islocatedin 3-5mdeepin Bgjo Gallardoreef, 13km
off thewest coast. Coral disease outbreakswere observed during 1996 and 1997, however live coral
cover remained high (30-90%), with coralsingood shapewith low incidence of recent mortality. Like
many other shalow populations, thisonewashit hard by Hurricane Georges, but remaining coloniesand
fragmentsrecovered and/or reattached to the reef and were actively growing in 1999 (Earthwatch report,
1999).

Shallow areasof LaParguerawereaso hit hard by Georges, and in someareasnearly al A. palmata
colonieswereremoved (Bruckner, pers. obs.). However, several reefsincluding Laurel and San Cristobal
had ahigh number of remaining fragmentswhich exhibited substantial growth by February of 1999 (Fig. 6)
(Well, pers. obs., Ortiz, unpublished data). Most col (7)giesdamaged by the Hurricaneare now recovering



(Bruckner unpublished data, Earthwatch report, 1999; Ortiz, unpublished data). However, the survival of
thefragmentsishbeing hampered by partia tissue mortality onthe average of 46 % of thetotal livetissuein
oneyear (Ortiz, unpublished data). Elkhorn coral thicketson fringing reefsnear Rincon (TresPamasand
Steps) weretill in excellent conditionin 1999, oneyear after Georges (Earthwatch report, 1999;
Appendix 2). Populationsof A. palmata on the southeast and west coast Monaidand have been
monitored inrecent years. Two surveysin 1998 and two in 1999 indicate that in general, populationsarein
poor shape, with significant recent mortality, moderate-to-highincidence of disease, predation, algaeand
cyanobacteriaovergrowth, and tissueloss caused by Clionamoving in (Bruckner, Earthwatch data, 1999;
Bruckner and Bruckner, 2001; Weil, 1999a,b, unpublished data). Small thicketsof A. palmatainfairly
good shape exist to the north and south of the Fortuna Reefer restoration sitein Monaidand, although
Cliona, patchy necrosis, white-band disease and neopl asiaare affecting many of these colonies.

A recent study of theimpact of snail predation on populations of acroporidsindicatethat they are playing an
important rolein the decline of acroporidsin somereefs (Bruckner, 2000). Surveysof 12 reefsaroundLa
Pargueraand the west coast found that snailswere on 18 % of all coloniesof A. palmata and that the
average snail density onthose colonieswas 3.7 snailsper colony. A larger proportion of colonies supported
more snailsininshorereef habitats compared to exposed habitats. In someareas, up to 32 snailshave been
observed onasinglecolony. Also, larger snailshave been recorded (which addsto moreinjury per snail)
on A. palmata (Fig. 7) wherethey caused conspicuousfeeding lesionsand in several occasions, consumed
entire colonies (Bruckner, 2000).

Acropora cervicornisand A. prolifera

Populationsof A. cervicornisoff the southwest coast of Puerto Rico are continuing to beimpacted by
WBD, predation, and other factors such asthe occasiona storm, which can be devastating. 1n 1996,
white-band disease affected 0.5-10% of the coloniesin four locationsin LaParguera(Bruckner and
Bruckner, 1997; Bruckner, unpublished data); disease preva ence varied seasonally, with apeak infectionin
August and September. 1n 1999, average diseaseincidencefor A. cervicorniswas1.15 % inthreereefs
off LaParguera(Weil, 2002), an apparent declinefrom previousyears.

Although there hasbeen asubstantial decline of A. cervicornispopulationsnear laParguera, abundant
isolated coloniesor small thicketscan befound in severa fringing and patch reefsinthearea. High growth
rates and somerecruitment appear to exceed mortality in somelocalities, and denseand extensivefields
have been ableto reestablish (San Cristobal, Turrumote, Atravesado). Thelargest thickets of

A. cervicornis(50x 100 m) and A. prolifera (approximately 10x 10 m) intheareaarelocated on a
shdlow (1-3m) sandy platform fringing the back lagoonal areaonthe northwest side of San Cristobal.

| solated colonies occur inwestern Puerto Rico, but no extensivethicketsareknownto remain. Small and
healthy colonieswere recently observed in severd locditieson thewestern platform (EI Ron, Cabo Rojo, El
Negro, Turmaline, Buyé). No currentinformationisavailablefor other locdities.

Mujeresreef isadeep fringing reef inthe southwest coast of Monaidand. An extensiveand healthy field of
A. cervicornis (approximately 3,500 m? located between 12 and 15 m deep) wasfirst observed in 1996
(R. Bruckner and E. Well, pers. abs.). This population had no disease, few damselfishagal lawns, and few
coralivores. It remainedingood heath during three subsequent surveys (Weil, unpublished data) until
Hurricane Georgeshit theidand. Surveysduring 1999-2001 revealed few remaining live colonies
(Earthwatch report, 2001). |solated coloniesand small thickets can still befound a ong the southwest coast
of Monaand around Mujeresreef. Somerecovery hasbeen noted (Bruckner, pers. obs.). Several small
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coloniesand few large coloniesand small isol ated thickets have been observed in surveys (1999-2002)
conducted in the southwest coast of Desecheo island (3-22 m deep). Few of these were affected by WBD
and no corallivoreswereobserved. Significant accumulationsof bioeroded and fouled A .cervicornis
rubblein the areaindicatesthat the specieswas abundant in the past (Weil, unpublished data).

The Department of Natural Resources has conducted monitoring surveysin severa reefsaround Puerto
Ricointhelast threeyears. In 16 reefssurveyed in 2001, most of the transects sampled did not contain
coloniesof A. cervicornisor A. palmata. A total of 3 colonieswereobservedin 80transects. The
coloniesranged insizefrom 10 to 85 centimetersmeasured asthe distanceintercepted by thechain
transect. The mean percent cover of A. cervicornisfor the Canoas, Botes, and MediaL unareef siteswas
1.7%, 0.5%, and 0.2% respectively. Theoveral mean percent cover for the 80 transectsof thestudy is
0.15%. Additionally one of the coloniesin Desecheo (21 kilometerswest of Puerto Rico and frequently
flushed by oceanic waters) was observed with white-band disease.

Table 3. Percent decline in the number of northeastern and eastern reef sites with Acropora
spp. populationsin the last 20 years.

Geographic province Reefs Reefswith Reefswith Per cent
Surveyed Acroporids Acroporids Change
old survey today

Acropora palmata

Northern inshore 19 19 6 68.4
Eastern inshore 18 15 7 53.3
Eastern offshore close 24 22 15 31.8
Eastern offshore remote 27 23 22 4.3
Total number of localities 85 79 (93 %) 50 36.7
Acropora cervicornis
Northern inshore 19 2 0 100
Eastern inshore 18 3 0 100
Eastern offshore close 24 14 8 42.9
Eastern offshore remote 27 26 26 0
Total number of localities 85 45 (52.9 %) 34 244
Acropora prolifera
Northern inshore 19 1 0 100
Eastern inshore 18 0 0 N.P.*
Eastern offshore close 24 5 2 60.1
Eastern offshore remote 27 11 8 27.3
Total number of localities 85 17 (20 %) 10 41.1

*N.P.= Not present in any survey.
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Figure5. Colony of Acropora palmata being killed by the endolytic sponge Clionalangaein Laurel reef,
LaParguera, PR. (photo E.Weil)
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Figure6. Sizefrequency distribution of A. palmata fragmentsoneyear after Hurricane Georgeshit Puerto
Ricoin 1998 (Ortiz, unpublished data). 8



3. Management approachesin Puerto Rico DNER pertinent to conservation
3a. Existingand proposed regulations
Law for theProtection, Conser vation, and M anagement of Cor al Reefsin Puerto Rico (Law 147)

In Puerto Rico there exist several laws and proposed regulationsthat may aid in the conservation of corals.
Themost pertinent statuteisthe Law for the Protection, Conservation, and Management of Cora Reefsin
Puerto Rico, isLaw 147. Thislaw explicitly mandatesthe conservation and management of cora reefsin
order to protect their functionsand values. The Department of Natural and Environmental Resources
(DNER), theagency in charge of implementing thelaw, will do sothrough aregulationthat iscurrently being
prepared. Law 147 providesfor the creation of zoned areasin order to mitigate impactsfrom human
activities. Thesezonesinclude (1) Reef Recuperation Areasand (2) Ecologicaly Sensitive Aress. Although
the specificsarebeing worked out, these zoneswill facilitatethe DNER in controlling human activity that can
directly impact Acropora spp. such asanchoring. Law 147 also directsthe DNER to identify and mitigate
threatsto coral reefsfrom degraded water quality dueto pollution, ameasurethat can also beused to
protect reefswith Acropora spp. Inthisregard, thelaw requires Environmental Impact Statements (E1S)
for projectsor activitiesthat can negatively affect coral reefs. Aninteragency committeewill be convened
to coordinate government activitiesthat may affect coral reefs.

Marine Reserves Law

Law 137 from 2000 directsthe DNER to designate priority areasas marinereserves. Marinereservesare
defined asareaswheredl extractive activitiesare prohibited in order to hel p recover depleted fishery
resourcesand protect biodiversity. Thelaw statesthat that 3 percent of theinsular platform must be
designated within 3 years (2003). Thismechanism could be hel pful inthe conservation of Acropora spp. if
itisdetermined that overfishing of coral reefsthat isaffecting survivorship of thesecoras. It hasbeen
hypothesi zed that overfishing of reef fish, octopus, and lobster may lead to an increased abundance of
Acroporaspp. predators. Currently there aretwo marinereservesin Puerto Rico, ReservaNatural Canal
LuisPefiain Culebra, and Desecheo Idand.

3b. Existing conser vation strategies
Natural Reserves

Therearecurrently 13 natural reservesin Puerto Rico that have cora reefswithintheir boundaries. The
natural reservesarealogical setting to adopt the zoning measures menti oned above because of theavailable
infrastructure and experience. Zoning strategiesthat regulate direct humanimpacts, such asno anchor
zones, may bemore easily applied dueto theexisting jurisdiction, although thisremainsto be seen. It should
be noted that natural reserves probably have minimal successin preventingimpactsto coral reefsand
Acropora spp. from degraded water quality becausetheseimpacts are not excluded by reserve boundaries.
Moreinformationisneeded on thelocation and status of Acropora spp. populationswithinthe natural
reservesinorder to apply the conservation strategies, particularly those pertaining to direct impacts.
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Mooring buoys

Another existing strategy that may ass st in the conservation of these speciesisthe use of mooring buoys.
The DNER hasbeen utilizing thisstrategy since 1990 principally in Fgjardo, Culebra, Guénica, and La
Parguera. Itisapparent that Acroporaspp. arevery vulnerableto anchor damage because of their
branching growth form and their presencein shallow reef zoneswhere anchoring iscommon. Thisstrategy
can be applied in caseswhere heavy anchoring isoccurring on reefswith high abundance of these species.
Asmentioned aboveit isnecessary to obtain moreinformation onthelocation of reefswith existing
Acropora spp. popul ationsthat may beimportant to their conservation.

Restoration projects

Currently thereisarestoration project being conducted with Acropora spp. in southwest Puerto Rico. The
restoration includesreefs on the southwest and west coast initsfirst stage. Thisprojectinvolvesacora
nursery that usesfragmentsto propagate coloniesfor restoring populations. Specially designed structuresto
growth thefragmentsand transport them without ma or mani pul ations have been designed along tofacilitate
transport and placement once the fragmentsreach acertain size. Oneimportant aspect of this project isthat
itincludes cons derationsand methodsto preserve sufficient levelsof natural genetic variationinthecultured
fragmentsto increase genetic variability in therestored popul ations so it can respond to both short- and
long-term changesinthe environment. Fragmentscollected from different popul ations (well separated) in
different areas of the southwest are cultured inthefarm for future propagation to impacted areasin Puerto
Ricoor even, in other placeswithin the Caribbean. Assoon asthe transplanted fragments reach sexud
reproductivesizesintheir fina restoration site, the chances of increasing genetic combinationsduring the
reproductive season of the populationintheareaa soincreases.

Thisprojectisnow onitssecond phase. Preliminary resultsindicatethat theoveral surviva of cora
fragments, 10 monthsafter transplanted, was 86.6% (n= 367), however, differencesinthesurviva of
different cloneswasobserved. Thiscould imply that some clonesmay be better adapted to surviveand
grow inawild rangeof environmental conditionswhile other may berestricted to specific environmental
conditions(light regime, sedimentation rates, water movement, etc.). Surviva of fragmentshad also been
affected by their mani pul ation and transportation, and by algae (Ceramiumnitens) overgrowth. New
methodswere developed after thefirst movement of fragmentsand mortality during transportation hasbeen
reduced significantly. Inthe second phase, over 2,000 cora fragments have been transported with an
overdl survival rate of 99.6% one month after the fragmentsweretransplanted into thereef area.
Maintenance of the culturing devicesevery two weeksisneeded to prevent algae overgrowth.

Theoverdl linear growth (accumulatelength of al branches), 10 months after transplantation, was52.2 +
4.6 cm (n=318initial fragments). High growth ratesaccount for thefast linear extension of most fragments
inthe culturing deviceswith an overall net linear growth of 38.4 + 4.5 cm. Other useful parameter in cora
farming isthe branchiness (number of branches produced over time). These measurements provide
information to decidethe number of fragmentsthat will be harvested after oneor two years. Theoverall
number of branches produced, was 7.3 £ 1.8 branches per year. To calculate the expected number of
corasto be harvested and propagated to restoration places, the number of initial fragmentsto be
transplanted ismultiplied by 7. However, after 10 monthsof coral growth, the branch lengths of those
coralsweretoo small to be harvest. From thispreviouswork, we expect that 1.5to 2 years of cora
growth are needed to harvest the cultured coral fragments (branches).
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4. Needsfor Improving Conservation
Water quality

In order toimprovethe current conservation effortsthere are some gapsin knowledge that need to be
addressed. Oneimportant question isunderstanding how water quality impactsare affecting the persistence
of Acroporaspp. inPuerto Rico. Previousresearch has highlighted the degraded condition of many
near-shore reefsin Puerto Rico (Goenagaand Cintron 1979; Goenagaand Boulon 1992; Hernandez-
Delgado, 2000; Velazco et a., 1985). Itisevident that there are multiplefactors causing thisdegradation
but there seemsto beageneral consensusthat water quality impactsareamajor forceinvolvedinthis
decline. Twomagjor threatsto water quality on coral reefsin Puerto Rico are high loads of suspended
sedimentsand nutrient contamination, although direct evidenceisonly avail ableimplicating sediment
impacts. Sinceitisprobablethat impactsfrom degraded water quality play aroleinthe health of these
species, alogical stepin conservation may beto determinethresholdsintheimportant parametersin order
to establish adequate standards.

I nfor mation on location and status

Moreinformationisneeded onthelocation and condition of these species, particularly information on areas
that may beimportant to conservation because of high abundance. Management efforts should compiledl|
of theavailableinformation for Puerto Rico to determinewherethereareinformation gaps. Habitat maps
arecurrently availablefromthe NOAA/NOS biogeography program?. These could be useful for mapping
and quantifying theexisting Acropora spp. A methodology should be developed to aid in thisquantification
and it should providefor comparing abundances among reefs such that spatial priorities can be established.

Case study- Proposed Natural Reservein Rincon

A situation that can be used to examine conservation strategiesfor A. palmatain Puerto Ricoinvolvesa
fringing reef in Rincon with ahigh abundance of healthy colonies. Severa yearsof monitoring hasshowed
that the coloniesat thissite are some of the hedlthiest in the northwest (A. Bruckner, letter to DNER;
Appendix I11, thisreport). Theadjacent coastal zoneexhibitslow levelsof development although the reef
experiencesincreasesinturbidity from storm runoff (A. Bruckner, unpublished data. L etter to DNER).
Therearecurrently severa largeresort devel opment projects proposed for the adjacent terrestrial aress.
Possiblethreatsfrom thistype of devel opment to the A. palmataincludewater quality degradation from
increased run-off, and direct impactsfrom increased recreational activities. Severa local NGO'shave
proposed the creation of anatural reserve encompassing the reef, adjacent marine habitatsand available
land areas, asmechanismto mitigateimpacts. Thestrategy aimsto usethe natural reserve designationto
prevent or minimizethe devel opment, dthough thereisno evidencethat thishas been successful e sewhere.
Any effort should striveto prevent the creation of aPaper Park by providing effective solutions. Thebest
case scenariofor thisreef would bethe avoidance of impacts by not doing the development projects. If
thisisnot successful then theimpacts should be minimized and mitigation shouldinclude monitoring
programstoinsurethe A. palmataisnot affected. Impactsfrom recreational activities could be managed
with the use of zoned areas as provided by the Coral Reef Conservation Law. Thequestion arisesasto the
roleof ESA designationfor thiscasein Rincon.

INOAA/NOSNCCOS/Biogeography Program. 1305 East West Highway, Silver Spring, MD. 20910. 301-713-3028 x 144
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Appendix la. Distribution of Acropora spp. in northern inshore Puerto Rican coral reefs (based
on presence/absence data).

Location Historic (1970s) Present (1999-2002)
A.pal Acer Apro A.pal Acer Apro

Playade VegaBaga

Cerro Gordo, VegaAlta

Isla de Cabras, Catario

Punta San Jorge, San Juan
Punta Las Marias, Carolina
PuntaVacia Talega, Loiza
Puntalglesias, Loiza

Punta Uvero, Rio Grande
Punta San Agustin, Rio Grande
Punta Miquillo, Rio Grande
Ensenada Comezon, Rio Grande
Punta Picla, Rio Grande

Punta Percha, Rio Grande
Patch reef off Rio Grande
Punta La Bandera, Luquillo
Playade Luquillo

LaSelva, Luquillo

Playa El Convento, Fgjardo
Ensenada Y egua, Fajardo
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Appendix 1b. Distribution of Acropora spp. in eastern inshore Puerto Rican coral reefs (based on

presence/absence data).
Location Historic (1970s) Present (1999-2002)
A.pal Acer Apro A.pal Acer Apro
Playa Canago, Fgardo * *
Playa Las Croabas, Fgjardo *
Playa Sardinera, Fgjardo *

Punta Gorda, Fajardo
Punta Barrancas, Fgjardo
Punta Mata Redonda, Fajardo *
Bahia Demajagua, Fajardo

Punta Figueras, Ceiba

Cayo Algodones, Naguabo

Patch reef off Bahia Algodones, Naguabo
Punta Lima, Naguabo

Playa Fanduca, Naguabo

Playa Las Ochenta, Humacao

Punta Candelero, Humacao

Punta Fraile, Humacao

Punta |cacos, Humacao

Punta Guayanés, Y abucoa

Punta Y egua, Y abucoa

* % % *

* % % %

* % ok X ok

n=18 15 3 0 7 0 0
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Appendix 1c. Distribution of Acropora spp. in eastern offshore close (<6 km) Puerto Rican coral
reefs (based on presence/absence data).

Location Historic (1970s) Present (1999-2002)
A.pal Acer Apro A.pal Acer Apro

Cayo Obispo, Fgardo

Cayo Zancudo, Fgjardo
Arrecife Mata Caballos, Fgjardo
Arrecife Roncador, Fgjardo
Arrecife Corona Carrillo, Fajardo
Cayo Ahogado, Fajardo

Islade Ramos, Fajardo

Isla Pifiero/Cabeza de Perro, Ceiba
Arrecife Lima, Naguabo

Cayo Santiago, Humacao

Cayo Batata, Humacao

Bajo Blake, Humacao

Bajo Drift, Humacao

Cayo Sargento, Y abucoa

Cayo Largo, Fgardo

Las Cucarachas, Fgjardo

Los Faralones, Fgjardo

Cayo Icacos, Fajardo

Cayo Ratones, Fgjardo

Cayo Lobo, Fajardo

Islote Palominitos, Fgjardo

Isla Palominos, Fagjardo

Cayo LaBlanquilla, Fgjardo
Cayo Diablo, Fgjardo

L T N S A N .
*
* % %

* % ok ok k ok ¥ ok X F F
* % ok k% ok X

*
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Appendix 2. Relative abundances of acroporid corals and sexual recruitsin several reef localities
along the south and west of the main island and few offshore islands. (*** = abundant, ** =few

patches and isolated colonies, * = isolated colonies).

Locality Reef Depth Latitude Longitude A. palmata A. cervicornis Sexual
m recruits

Guanica Aurora 05-15 17° 56.652 > * *
Coral 05-15 *

Parguera Corral 05-15 > * *
Pinnacles W 1.5-20 17355973  67300.726 * * *
Pinnacles E 2-20 17355.973  67300.720 * * *
Turrumote 0.5-20 17356.061  67301.066 - b *
Mata la Gata 05-12 17357.664  67302.253 > *
Caracoles 0.5-12 17357.65 67302.175
Enrique 0.5-18 17357.223  67303.119 * * *
Media Luna 0.5-20 17356.092  67302.952 * * *
Laurel 0.5-18 17356.581  67303.296 - > *
Mario 0.5-18 17357.157 673 03.380 * * *
Conserva 05-14 17357.442  67303.397 * *
Long Reef 4-20 17355.439 673 00.962 * * *
San Cristobal 0.5-18 17356.581  67304.673 - > *
Atravesado 0.5-15 17356.521  67305.094 i b *
El Palo 05-12 17356.006 673 05.702 > * *
Margarita 05-12 17336.006 673 05.702 * * *
Acuario 15- 20 * * *
Black Wall 17-30 17358.569  67304.175 *
Buoy site 17 -30 17353.304  66359.074 * *
Shelf edge 17-30 17352.104  66361.104 *

Cabo Rojo El Ron 0.5-18 * *
Buye 0.5-10 18°08.068  67° 11.210 *

Joyuda El Negro 0.5-20 18309.162  67314.758 > * *

Mayaguez Gallardo 1.5-18 s

Rincon Tres Palmas 1-3 >
Steps 1-3 18321 67315 -

Aguadilla El Natural 5-20 *

Desecheo Is. South Gardens 1-22 18%22.69 673 29.044 * > *
West 1.5-18 188 22.740 67329.120 *

Isabela Shacks Reef 1-14 *

Mona Island Fortuna Reefer 1-12 18° 02 67° 51 * *
Pajaro 4-15 18°03.930  67°51.938 * * *
Mujeres 10-20 18°04.503  67°56.278 * *
Sardinera 0.5-10 18°05.410  67°56.420 *
Carmelita 0.5-3 18°05.650  67° 56.502 >

Culebra Culebra s-w 0.5-18 18°29.330  65°29.910 * * *

Vieques Viequez n-w 0.5-18 18°16.300  65° 42.200 * * *
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Appendix 3: Letter to DNER on Acropora palmata populationsat Steps Reef, Rincon

Vicente Quevedo

Natural Heritage Division
DNER

PO. Box 9066600

Pta. DeTierraStation
San Juan, PR. 00906-6600

Dear Mr. Quevedo,

| wasrecently informed that Puerto Rico’s Department of Natural and Environmental Resources (DNER) isconsidering the
establishment of amarine natural reserve for Steps Beach and surrounding reefs off the west coast to offer protection for
the benefit of the elkhorn reef systemin Rincon. | would recommend implementing additional conservation measuresfor
the coastal habitats near Steps and Tres Palmas, particularly because these areas support endangered and threatened
wildlife, and also contains one of the few remaining healthy stands of elkhorn coral (Acropora palmata) left in the
Caribbean. A large-scale development project in the cattle fieldimmediately fronting Steps Reef islikely to cause
substantial run-off during construction, and elevated nutrients and pollutants once the establishment is operational (as a
result of increased sewage production and pesticides and fertilizers used on the surrounding grounds). Coral reefsare
negatively affected by sediments, excessive nutrients and pollutants, and elkhorn corals are particularly sensitive to these
types of stressors. A development project in this area may accelerate the decline in the health and productivity of the
nearshore reefs, and possibly threaten the survival of elkhorn coral populations due to their limited tolerance to sedimen-
tation and nutrient loading.

In support of further protection for Steps and Tres Palmas as amarine natural reserve, | am providing thisinformation on
the diversity, health and importance of two coral reefslocated off the west coast of Puerto Rico near Rincon, Steps Reef
and Tres Palmas. | conducted monthly surveys on Steps and Tres Palmas between 1994-1997, and annual surveysin
1998-2000. | am coral reef ecologist with the National Marine Fisheries Service. | received my Ph.D. fromthe University of
Puerto Rico, Department of Marine Sciencesin LaParguera, wherel lived from 1994-1998. During thefiveyears| livedin
Puerto Rico, | spent 4-5 days per week diving on reefs off the northwest, west and south coast of Puerto Rico, and have
continued to revisit these sites two times each year. For my research and dissertation | examined the effect of coral
diseases and predators on important reef building corals. | collected information on different measures of coral reef health
from the west and south coast near Aguadilla, Rincon, Desecheo, Mayaguez, Boqueron, La Parguera, Guayanilla,
Guanica, and Ponce. | aso established permanent study sites on the northwest coast (Aguadilla), southwest coast (off
Parguera), the west coast at Steps and Tres Palmas (Rincon), and Mona Island, to conduct a detailed study of cora
disease processes, long-term impacts, and synergistic effects of human activities. | have continued my research in Puerto
Rico over the last three years under a study sponsored by Earthwatch 1Saving Puerto Ricolls Reefs’. My studies focus
on the effects of disease, predation and storm damage on the dominant and most important corals, including elkhorn
coral, star coral and brain coral. | take ahalistic approach to my research to obtain a snapshot of the health of the reef
ecosystem using amoadification of the Atlantic and Gulf Rapid Reef Assessment (AGRRA) protocol (I examine coralsas
well as other indicators of reef health like fish abundance and size, type and biomass of algae, and present of key indicator
organismsincluding commercially important species and keystone species). | also examinethelong-term effect of these
processes on coral survival, growth and new recruitment.

In the following document, | have provided a summary of the importance and role of elkhorn corals, their status through-
out the region including Puerto Rico, threats that are impacting elkhorn coral populations, and measures that are needed
to protect these corals. | am providing specific information on the elkhorn coral reef at Steps and Tres Palmas, based on
my study between 1994-2000. | was unableto reexaminethese sitesin 2001 dueto weather. Itisimportant that these
sites continue to be monitored to detect changein reef health. A detailed synoptic examination of the sitein 2002 is
recommended to quantify the extent, abundance and condition of the elkhorn population. | would be interested in
conducting these studies but would need minimal support to conduct the work. If you have any questions about the
following document, please contact me at andy.bruckner@noaa.gov.

93



Rincon’sunusual elkhorn coral Acropora palmatathickets

Steps and Tres Palmas reefs are some of the best developed fringing coral reefs found off the west coast of Puerto Rico.
The coastline at Rincon isfringed by a narrow sandy beach, with beach rock at the waters edge. Tres Palmas and Steps
Reefs are two hardground areas, separated by a channel 50-150 m wide. The reefs start immediately seaward of the beach
rock and slopefrom 0.5m to 8-10 m depth. The reef extends out for lessthan 200 m before terminating in ashallow sand
flat (8-10 m depth). In shallow water (0.5-3 m depth) the reef is dominated by Acropora palmata with isolated brain, star
and mustard hill corals. Elkhorn coloniesform adense stand that begins about 5 m offshore and extends seaward 20-30 m.
The densest areas of elkhorn growth are near Steps and Tres Palmas, and colonies also occur at alower density from just
north of the marinato the dome. The deeper portion of the reefs (from 2-8 m) is dominated by Diploria strigosa, but many
other massive and branching corals, sea fans, soft corals, and other invertebrates also occur here!

A second reef begins from 250-400 m offshore. Thisreef iscompletely submerged, and slopes gradually seaward to about
70feet. Itisshalowest at the landward edge (0.5-2m ) where thereef is colonized by isolated A. palmata colonies, and
massive and plating corals dispersed over the remainder of the hardground areas. Thereisrelatively high cover (25-40%)
in moderate depths (15-20 m) and several large massive boulder coralsand plating corals.

Background information on Acroporapalmata

Lifehistory: Acropora palmataisafast-growing (5-10 cm/year linear branch extension) branching coral that forms dense
thickets (stands) from 0.5-6 m depth in exposed fore reef environments. Coloniesare also found in exposed back reef and
deeper fore reef zones (to 18 m depth) at alower abundance, provided that there is good circulation, high light, and low
levels of sedimentation. Coloniesarelarge and tree-like with exceptionally thick and sturdy branchesupto3min
diameter. Elkhorn coral isan annual broadcast spawner (individual colonies release eggs and sperm bundlesin August/
September) that produces millions of gametes, but this species exhibits very low rates of sexual recruitment. Themain
mode reproduction is believed to be asexual - colonies produce long branches that become very fragile and are easily
dislodged during storms. These detached branches reattach to substrate and continue to grow, and damaged adult
coloniesregenerateinjuries.

At Steps, Tres Palmas and other surrounding fringing reefs, sea conditions are generally calm from April through
September, with periods of high wave actionin winter. Colonies are often fragmented, and the reef substrate may be
littered with branches, but these rapidly fuse to the substrate and begin sending up new branches (protobranches). This
has allowed elkhorn populationsto rapidly recover from storms; elkhorn coral populations have remained very dense,
with colonies slowly expanding into deeper water and to neighboring areas.

Distribution and abundance: This specieswasformerly the dominant specieson the shallow forereef in the Florida Reef
Tract, the Bahamas and throughout the Caribbean?, forming extensive, densely aggregated, monospecific thickets
between low water level and 5-6 m depth, in wave-exposed and high surge reef zones.

Colonies of A. palmata occur throughout shallow nearshore reef environments of Puerto Rico, except for 1) locations on
much of the north coast; 2) reef environments adjacent to major cities; and 3) reefs affected by discharge from largerivers.
Elkhorn populations were formerly most abundant on the northwest coast near Jobos and |sabela; on the west coast near
Rincon; south of Mayaguez to Boqueron; on reefs near La Parguera; fringing reefs near Guayanilla, Guanica, Ponce;
isolated reefs near Punta Tuna; Fajardo and offshore emergent reefs, and the islands of Mona, Culebraand Vieques.
Possibly thelargest remaining stand of elkhorn coral in Puerto Rico islocated at depths of 3-5 m on asubmerged reef 15-
20 km off Bogueron (Bajo Gullardo). During the 1970s and 1980s Goenaga conducted island-wide surveys of reefs; and
his reports provide extensive information on known locations of A. palmata throughout Puerto Rico.

Successand limitationsof life history and population recovery: The successthis specieshasachievedisaresult of its
fast rate of growth, persistence of injured adults by rapid wound healing, and high rate of asexual recruitment of frag-
ments (Gladfelter et al., 1978; Bak and Criens, 1981; Highsmith, 1982). A. palmata has adaptationsfor survival in shallow,
high energy reef environments occupied by few other stony corals, but colonies are susceptible to breakage from
physical forces associated with storms and high wave action. Branches that break off standing colonies fuse to the
substrate and continue growing. Thishasallowed A. palmata to rapidly recolonize an area after amajor disturbance and
spread into new areas, especially habitats not suitable for settlement by sexually-produced larvae (Fong and Lirman,
1997). However, this mode of reproduction also limits the extent of spread of populations. Unlike A. palmata, colonies
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that reproduce sexually and have a high success of settlement and recruitment of planulalarvae benefit from the ability to

disperse to surrounding and distant reefs, asthe larvae are carried by water currents. Because A. palmata exhibits limited

ability to recruit sexually, damaged populations are unlikely to recover unless alocal source of branches remainsfollowing
the disturbance.

While storms may enhance the spread of A. palmata populations, recent observations indicate that initial mortality to
colonies and fragments may be quite high, injured colonies and fragments exhibit reduced growth rates and declinesin
reproductive output, and damaged populations are susceptible to subsequent disturbances (Bruckner, unpubl. Data;
Lirman, 1998). If populations of A. palmata were seriously damaged near Rincon, thereisno other site within close
proximity that could serve asasitefor new recruits. Populations of elkhorn coral formerly existed on reefs surrounding
the Mayaguez Bay, but these have largely disappeared as aresult of poor water quality.

I mportance of Acropora palmata

A. Storm damage: Elkhorn coral thicketsreduceincoming wave energy, offering critical protection to coastlines. Lossof
this species may negatively affect shorelines with mangrove and grass bed habitats which rely on calm water provided by
these effectivereef barriers. Fringing reefswith elkhorn thickets, like thosefound in Rincon, are also particularly
important to coastal communities and the beach as they form a buffer that protects shorelines from erosion during storms.
Theloss of elkhorn thickets results in higher wave action reaching coastal environments, and this can lead to erosion and
loss of nearshore grassbeds and mangroves. In Rincon, the elkhorn thickets front a narrow sandy beach. Thereis high
wave action during winter. Thisis associated with offshore transport of sand, which accumulates among the corals on
fringing reefs and in the surrounding area. Without the presence of alarge stand of elkhorn coral, it islikely that much
more sand will be carried offshore during periods of high wave action, and the beaches may eventually disappear.

B. Fisherieshabitat: The high structural complexity produced by the interdigitated branches of A. palmata colonies
provide essential fish habitat. Studies from Florida and the Virgin islands have shown that a higher number of lobsters,
snappers, grunts, parrotfish and other large reef fish occur in areas with live stands of elkhorn coral. In many locations
elkhorn populations have died, but erect skeletons (standing in place) may remain for 10-20 years. Dead colonies
continue to provide high relief habitat utilized by a number of organisms. The skeletons are rapidly overgrown with algae
and benthic invertebrates, and fish communities become dominated by schools of herbivorous fish like surgeonfish due
toincreased biomass of algae. Over time, however, the skeletons eventually collapse, eliminating high-relief topography
and habitat for predatory fish and motile invertebrates.

C. Reef growth: Coral reefswereformerly dominated (prior to 1980s) by three speciesof coral - elkhorn coral (A. palmata),
staghorn coral (Acropora cervicornis) and star coral (Montastrea annularis complex). A. palmata formed characteristic
thickets in the shallowest, exposed areas, on fringing reefs and the outer portions of offshore reefs. These often extended
along the coastline or the crest of the reef for several kilometers. A. cervicornis also formsthickets, but it occursin
intermediate depths (5-25 m) on thefore reef in areas with moderate to low amounts of wave action, and shallow calm back
reef environments. M. annularisisacomplex of three species of massive corals that occurs throughout most reef
environments (it is uncommon in areas dominated by elkhorn coral). M. annularis growsvery slowly and colonies may
livefor hundreds of years forming immense structures several meterstall.

The genus Acropora include the fastest growing scleractinian coralsin the Indo-Pacific and Caribbean. Branch extension
ratesof 10-12 cm per year are common for the Caribbean species, which isapproximately 10 times greater than massive
reef-building corals. Gladfelter (1982) estimated arate of reef accretion by elkhorn coral of 10.3kg CaCO, /m?/yr; over 1000
years, shallow windward A. pal mata reefs have grown upward close to 15 meters, keeping pace with rising sealevel
(Adey, 1975).

This growth resultsin alarge accumulation of branches and rubble as aresult of wave action that periodically prunes
colonies. Some of these branches are carried to deep reef or soft bottom communities, where they accumulate and are
cemented together. This creates additional habitat for fish, hard substrate for colonization by other corals, and also
contributes to reef growth. In offshore populations of elkhorn coral, hurricanes will also break branches and carry these
from the front of the reef to the back side, depositing them in alower energy environment. These accumulate and slowly
build new islands. Recently Dr. Ernest Williams and colleagues excavated several of the outer islands off La Parguera
(Turrumote; Media Luna) and found that the entire island consists of elkhorn coral.
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Threats. A. palmata once was the dominant scleractinian coral on high-energy, windward reefs of the tropical western
Atlantic (Goreau, 1959; Almy and Carrion-Torres, 1963). Over the past two decades the density of this species has been
greatly reduced throughout its range as a result of various anthropogenic and natural disturbances®, especially white-
band disease (WBD) epizootics and storm damage (Gladfelter, 1982; Peters, et al.,1983; Rogers, et al ., 1982; Peters, 1993).
A number of studies have shown that elkhorn reefsrapidly recovered from periodic storms and other short-term
disturbances through regrowth of colony stumps and branch fragments. However, in many cases elkhorn populations are
being impacted by a number of different stresses at the same time which have may a synergistic effect, compounding
losses or preventing recovery.

Acropora palmata populations on the southwest coast of Puerto Rico have suffered similar losses to that reported from
other parts of the Caribbean. These reefs have been impacted by relatively few hurricanes since the 1960's, the most
severe of which were Hurricanes Edith (1963), David and Frederick (1979), Hortense (1996) and Georges (1998). While
Hurricane Edith caused extensive destruction to A. palmata thickets, Glynn et a. (1964) observed high survivorship and
continued growth among damaged colonies and fragments. Hurricanes David and Frederick also damaged A. palmata
populations (Armstrong, 1983), however information on patterns of recovery isunavailable. | followed the fates of
hurricane generated fragments on reefs near La Pargueraafter Tropical Storm Debbie (1994), Hurricane Hortense and
Hurricane Georges (Bruckner, unpubl. Data). In my study areaa high incidence of disease affected fragments after Debbie
with mortality that exceeded 50% of the branches, and Hortense dislodged and overturned many of the remaining
fragments. However, new fragments produced during Hortense exhibited fairly good survival until Hurricane Georges,
which removed most remaining standing colonies and fragments generated by Hortense. Some sitesin LaParguerahave
shown little recovery after 3years. Although La Parguera has some of the best deep reef environments (e.g., shelf edge
reefs) found in Puerto Rico (and these rival reefs found throughout the Caribbean), there is only one reef in the entire
Parguerareef system that still has an extensivethicket of A. palmata (Morelock, pers. Comm.Bruckner, unpubl. data). in
areas off La Parguerawhere this species once formed large thickets (shallow reef crest/ fore reef), only isolated colonies or
small groups of colonies remain and many of these are affected by disease, Cliona overgrowth, and snail predation.

In Rincon, anumber of broken colonieswere observed after Hurricane Georges. Unlike LaParguera, most fragments
remained near mother colonies and these did not die. Oneyear later the fragments were firmly attached to the reef and
had produced numerous small protobranches.

Like other Caribbean locations, observations from Puerto Rico suggest that coral disease has impacted this speciesin the
past. Ononereef near LaParguera, C. Goenaga observed an incidence of WBD which affected 20-33% of the A. palmata
coloniesin 1984 (Davis, et al.,1986). Duringthe 1990's| have documented aslow, steady decline of remaining A. palmata
thicketsin LaParguera due to a combination of factorsincluding disease and predation (Bruckner et al., 1997, unpubl.
data). On the east coast of Puerto Rico, vast stretches of living A. palmata colonies were observed in 1979 in Fgjardo,
Culebraand Vieques. Populationsnear Fgjardo were decimated by WBD inthe 1980s, and Hurricane Hugo in 1989
caused almost total destruction to A. palmata thicketsin eastern Culebro (Goenaga and Boulon, 1992). On 85 reefs off the
east coast and associated islands, populations of elkhorn coral have continued to decline from disease, sedimentation,
and a gal overgrowth (Hernandez-Degado, pers. Comm).

Tolerancetoterrestrial impacts: Elkhorn coral isan environmentally sensitive speciesthat requiresclear, high saline,
well circulated water with moderate temperatures (25-29 C). A. palmataisintolerant of prolonged periodsof high
sedimentation; this specieslacks awell developed ciliary mucus system found in sediment-tolerant specieslike Porites
astreoides and Montastraea cavernosa. It can only tolerate short periods of increased water turbidity if the siteis
exposed regularly to moderate to high levels of wave action. Rogers (1983) found that even low doses of sediment
accumulate on the flattened branch surfaces, resulting in rapid tissue necrosis; in addition, injuries regenerate more
dowly at elevated sedimentation levels (Meesters and Bak, 1995). Rincon’sreefsare affected by poor water quality
conditions during the rainy season in summer due to run-off, but murky conditions generally persist for short periods and
water clarity improving after afew days. Inwinter high wave action prevents accumulation of sediment on branches.
Clearing of the land adjacent to Steps reef would cause asignificant increasein run-off, whichislikely to havea
significant impact on nearshore elkhorn coral populations.

Natural disturbances: Coral diseaseisamajor factor that hasimpacted this speciessincethe 1970s (first reported in 1977
from St. Croix, USV1). White-band disease (WBD) spread throughout the Caribbean, with concurrent losses of 90-95%
reported during the 1980s and early 1990s. White-band disease still affects A. palmata throughout its range and other
new, white-type diseases (white pox; patchy necrosis) have been reported on this speciesin the 1990s. Elkhorn coral is
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one of only two coral species (other speciesis A. cervicornis) known to have experienced mass mortalities from disease.

Throughout its range, Caribbean-wide losses of A. palmata have been attributed primarily to WBD, with compounding
(localized) effects from hurricanes, increased predation pressure, hypothermic stress, bleaching events, physical damage
from ship groundings, and problems associated with increased nutrient and sediment loading. Two predatorsin
particular, include the fireworm, Hermodice carunculata and the corallivorous gastropod, Coralliophila abbreviata, are a
significant threat to elkhorn populations. While worms generally consume parts of individual branches, the gastropods
are capabl e of denuding entire colonies of A. palmata. The pressure on remaining populations from coral predators may
beincreasing in many locations, because, even if snail and fireworm densities have not increased, they may occur at
higher densities on individual corals because there are fewer coralsremaining. However, recent work suggests that coral
eating gastropods have become more prevalent and more voracious on reefsin Puerto Rico and the Florida Keys possibly
asaresult of overfishing of their predators, the octopus and spiny lobster (Bruckner et a., 1996; Szmant, pers. comm).
Work by Bruckner et al. (1997) examined the popul ation dynamics of snailson reefsin LaParguera, and therelative affect
of snails on remaining populations. This study showed that individual snailswill consume 5-25 square centimeters of
tissue in one day and aggregates of snails eat entire coloniesin as little as one month. It isinteresting to note that the
snailswere much larger (30-50 mm) than those found on massive corals, and these were predominantly female (the snails
change sex from male to female once they reach a certain size) suggesting that populations may continueto increasein
abundance (larger femal es producea higher number of offspring) and contribute to the loss of remaining coral thickets
near laParguera.

Fortunately, Rincon populations of elkhorn coral currently do not face a substantial threat from coral diseases or preda-
torsat thistime. Snails have been observed at high densities (2-25 snails per coral) on massive brain and star corals on
these reefs, but the snailsare very small (lessthan 1 cm). Over the duration of the study (1994-1997), only six standing
elkhorn colonies have been affected by groups of snails and associated predation was minimal.

A low incidence of disease has been observed at Steps and Tres Palmas. |solated colonies are periodically observed with
white band, and patchy necrosis may be relatively common after extended periods of terrestrial runoff (May-July, during
the rainy season water visibility may drop below 1 m and remain thisway for several days). However, patchy necrosis
most frequently affects fragments, colonies are not entirely killed, and branches begin to regenerate tissue of f areas that
wereformerly affected by disease.

An outbreak of disease (patchy necrosis) was recorded on Acropora palmata at Steps Reef during 1996. The occurrence
of the disease may be associated with high sediment |oads that affected corals at the time of construction of aresidential
structure across the street from Steps. The construction project involved removal of al trees, and the land was bulldozed,
exposing the underlying sediment. Unfortunately, this occurred during the rainy period in summer, and run-off was
exacerbated. Fortunately, the amount of sediment run-off declined within afew weeks, and the disease outbreak

subsided. However, thisindicates that coral populations are very vulnerable in this location, and devel opment of the land
immediately in front of Steps may seriously compromise elkhorn coral populations, especially if construction coincides
with the rainy season.

Conservation M easures. A. palmataisoffered limited protection by existing legidation in U.S. waters: The Fishery
Management Plan for Coral and Coral Reefs, developed in 1982 by the Gulf of Mexico and the South Atlantic Fisheries
Management Councils provides direct protection in federal watersfor acroporid corals (and other species). The FMP 1)
prohibits the taking of stony coral or destruction of coral; 2) establishes a permit system for taking corals for scientific or
educational purposes; 3) requires the return of stony corals taken incidently in other fisheries; and 4) prohibits the use of
toxic chemicalsin taking fish or other marine organisms. Other protected areasinclude National Parks (Florida: Dry
Tortugas; Biscayne National Park and the U.S. Virgin Islands: Buck Island; St. John) and in the Florida K eys National
Marine Sanctuary. Itisillegal to damage, remove, collect, or sell Acropora palmata and other stony corals In State waters
of Florida (State statute, in effect sincethe mid 1970s).

The Fishery Management Plan for Corals and Reef Associated Plants and Invertebrates of Puerto Rico and the USVI, July
1994, Caribbean Fishery Management Council regulatestake of stony coralsin federal waters around Puerto Rico:
Harvest and possession of stony corals, octocorals, and live rock, whether dead or alive, are prohibited, except for the
purpose of scientific research, education, and restoration. In territorial waters of Puerto Rico, DNER prohibits the harvest
or take of corals (Law No. 83) for commercia purposesexcept under permit.
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Potential impactsassociated with alossof elkhorn coral populationsin Rincon: The disappearance of these coral
thickets may ultimately affect the diversity and abundance of reef organisms, the rate of carbonate deposition and reef
growth, and the skeletal contribution to coral cayes and boulder ramparts (Hernandez-Avilaet al., 1977; Gladfelter et al.,
1978; Williams, pers. comm.).

Reduced Diversity. In addition to the loss of one of the most important reef buildersin the Caribbean, many organisms
that rely on A. palmata for habitat, feeding areas, and refuge will disappear.

Tourism. Stepsreef isavery popular site for snorkeling, due to the shallow water and close proximity to land. Stepsis
one of thefew reefsin Puerto Rico accessibleimmediately off the shore.

Beach erosion. Loss of elkhorn coral would result in stronger waves reaching the shoreline, which will subsequently
cause substantial increase in erosion of sand. Increased erosion of sedimentswill ultimately affect other benthic reefs
invertebrates found slightly deeper than elkhorn coral and also those found on the outer reefs. In addition, increased
erosionislikely to result in decreased water clarity which will affect the amount of light reaching photosynthetic reef
organisms.

TheU.S. Endangered SpeciesAct: Inthe U.S. Federa Register Notice (FR Doc. 99-1011, 1/15/99; Val. 64, no. 10) the
National Marine Fishery Service (NMFS) has proposed to add two coral species, elkhorn coral (Acropora palmata) and
staghorn coral (Acropora cervicornis) as candidates for possible addition to the List of Endangered and Threatened
species under the Endangered Species Act. These species are fast-growing, branching corals that form dense, high
profile, monospecific stands at shallow and intermediate depths. Formerly, these were two of the three most important
coralsin the tropical western Atlantic, contributing significantly to reef growth and providing essential fishery habitat.
During the last two decades, disease outbreaks and compounding (localized) factors such as hurricane damage, increased
predation, hypothermia, boat groundings, sedimentation, and bleaching have resulted in widespread mortalities. Losses
arewell documented at severa sitesin the U.S. and throughout the Caribbean, where populations declined during the
1980s by up to 96%. To date, acroporid corals have not recovered to their former abundance. Low remaining population
densities, astrong dependence on asexual recruitment by coral fragments, and limited potential for larval recruitment may
hinder recovery of these species, given continuing losses from coral diseases, storms, and human impacts.

In this notice, NMFSis not proposing to list these corals as Threatened or Endangered species under the U.S.
Endangered Species Act. The goals of the candidate species program are 1) to identify speciesthat may qualify as
candidates for possible addition to the List of Endangered and Threatened Species, 2) to assist in acquiring information
needed to determine the status and trends of a species, and 3) to encourage voluntary efforts to help prevent listings.
NMFSis seeking additional information on these species that would support or argue against inclusion on the candidate
species list. This includes historic and current population abundances and distribution, assessments of threats, and
existing and future protective measures that may assist in recovering these species.

Using information collected from an initial analysis of published information indicating that populations of A. palmata
werein serious decline, and public comments generated from the Federal Register Notice proposing the candidate listing,
NMFS added two coral species, elkhorn coral (Acropora palmata) and staghorn coral (Acropora cervicornis) to the
candidate specieslist of the Endangered Species Act (Federal Register Vol. 64, No. 120, June 23, 1999 pp. 33466-33467).

IStony corals recorded in study areaat Steps and Tres Palmas reefs: Acropora cervicornis, A. palmata,
Montastraea faveolata, M. cavernosa, Porites astreoides, P. porites, Favia fragum, Agaricia agaricites, Diploria
strigosa, D. clivosa, D. labyrinthiformis, Sderastrea siderea, Dendrogyra cylindricus, Colpophyllia natans,
Dichocoenia stokesi, Meandrina meandrites

2These species occur in Florida and throughout the Caribbean including the Antilles, the West Indies, Central
and South America, including Mexico, Belize, Honduras, Nicaragua, Costa Rica, Panamaand Columbia. Isolated
populations occur in the southern portion of the Gulf of Mexico, near Veracruz, Mexico; the northern limit in 1992 wasthe
Tuxpan Reef System, approx 29°N latitude; northern limit off the east coast of Floridais Biscayne National Park; the
speciesis absent from Bermuda, the east coast of Florida, Florida Middle Grounds and Flower Garden Banks; the
southernlimit isVenezuela, in areas without freshwater runoff.

SWhite-band disease is the most significant source of mortality to Acropora palmata populations throughout
the range over which this coral occurs, and populations have declined by as much as 90-95% as a result of disease.
However, localized losses of A. palmata populations have also been associated with storm damage, ship groundings,
predation, cold water events, flooding, bleaching, siltation, and algal and invertebrate overgrowth.
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